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Abstract 
 
The objective of this study was to evaluate the antagonistic effects of two native isolates of Trichoderma asperellum 
(GRB-HA1 and GRB-HA2) against the phytopathogenic fungi Colletotrichum gloeosporioides, Curvularia lunata, 
and Fusarium oxysporum, with the aim of developing biological control agents to replace the use of chemical 
fungicides. An antagonism assay was performed under in vitro conditions using the dual culture method, and the 
percentage inhibition of radial growth (PIRG) and the degree of mycoparasitism (grade 0–4) were evaluated after 10 
days of culture. Results show that both isolates resulted in 100% PIRG and grade 4 mycoparasitism in dual cultures 
against Colletotrichum gloeosporioides and Curvularia lunata although GRB-HA1 led to 70% PIRG and grade 3 
mycoparasitism and GRB-HA2 led to 84% PIRG and grade four mycoparasitism against F. oxysporum. Thus, these 
native T. asperellum isolates show potential for the biological control of diseases caused by phytophathogenic fungi. 
 
Keywords: antagonistic fungi; biological control; biopesticides. 
 
Resumen 
 
El objetivo de este estudio fue evaluar los efectos antagónicos de dos aislados nativos de Trichoderma asperellum 
(GRB-HA1 y GRB-HA2) contra los hongos fitopatógenos Colletotrichum gloeosporioides, Curvularia lunata y 
Fusarium oxysporum, para desarrollar agentes de control biológico para sustituir el uso de fungicidas químicos. Se 
determinó el antagonismo en condiciones in vitro utilizando el método de cultivo dual, y se evaluaron el porcentaje de 
inhibición del crecimiento radial (PIRG) y el grado de micoparasitismo (grado 0–4). Se encontró que ambos 
aislamientos resultaron en 100 % PIRG y micoparasitismo de grado 4 en cultivos duales contra Colletotrichum 
gloeosporioides y Curvularia lunata, aunque GRB-HA1 condujo a 70 % de PIRG y grado 3, y GRB-HA2 condujo a 
84 % de PIRG y grado 4 de micoparasitismo contra F. oxysporum. Por tanto, estos aislamientos nativos de T. 
asperellum muestran potencial para el control biológico de enfermedades causadas por hongos fitofatogénicos 
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1. Introduction 
 
Phytopathogenic fungi affect the production of a wide 
variety of vegetables, cereals and fruits through their 
effects on both pre- and post-harvest crops [1]. 
Furthermore, they do not only reduce agricultural 
production in developing countries like Colombia, where 
it can result in losses of 5%–25%, but also reduce it in 
developed countries like the United States of America, 
where losses of 5%–10% can occur [2]. 
 
Fusarium oxysporum is considered an important 
phytopathogenic fungus that affects more than 100 plant 
species, including a wide variety of crops such as banana 
(Musa spp.) and corn (Zea mays) [3], [4], [5].  
 
In addition, the fungus Colletotrichum gloeosporioides 
causes anthracnosis in fruits such as avocado (Persea 
americana), tomato (Solanum lycopersicum) and papaya 
(Carica papaya) [6], [7] and Curvularia lunata causes 
foliar spots in several important tropical food crops, 
including corn and rice (Oryza sativa) [8], [9], [10].  
 
Traditionally, these fungal agricultural diseases have 
been controlled and prevented using highly toxic 
synthetic, non-biodegradable pesticides derived from tin 
and mercury, which have negative environmental and 
human health impacts [11], [12], [13]. However, there 
has recently been an increased interest in the use of soil 
conditioning products to control plant fungal diseases, 
including antagonistic fungi from the genus 
Trichoderma.  
 
These fungi naturally occur in soils that favor the 
development of plants and are capable of inhibiting the 
growth of other fungi, making them an excellent 
alternative to chemical products for decreasing the 
impacts of phytopathogenic fungi [14], [15], [16].  
 
Many studies have shown that fungi in the genus 
Trichoderma have the potential for controlling C. 
Gloeosporioides, C. Lunata and F. Oxysporum. 
However, there is still a large amount of uncertainty 
around their effectiveness, with levels of control ranging 
from 50% to 85% [17], [18], largely depending on the 
characteristics of the microorganisms and the place from 
which they were isolated [19], [20], [21]. Therefore, the 
aim of this study was to evaluate the antagonist activity 
of two new isolates of Trichoderma asperellum as a 
strategy for controlling the phytopathogenic fungi C. 
Gloeosporioides, C. Lunata, and F. Oxysporum. 
 
 
2. Materials and methods 
 
2.1. Microorganisms  
 
Two antagonist fungi (GRB-HA1 and GRB-HA2) were 
isolated from colonies of leaf-cutting ants (Atta 
cephalotes) between March and April 2015. It was found 
that these fungi negatively affected the growth of the 
symbiont fungus Leucoagaricus gongylophorus under 
laboratory conditions during experiments conducted by 
the Biodiversity, Biotechnology and Bioengineering 
Research Group (GRINBIO, in Spanish) at the 
Universidad de Medellin (Medellin, Colombia). 
Moreover, a commercial antagonistic strain of 
Trichoderma harzianum (trbio) was donated by 
Biotropical S.A.S (Antioquia-Colombia) to use as a 
positive control. The phytopathogenic fungi C. 
Gloeosporioides, C. Lunata, and F. Oxysporum were 
donated by Safer S.A.S. (Antioquia-Colombia).  All the 
fungi (antagonistic and phytopathogenic) were 
maintained in the laboratory at the Universidad de 
Medellin under dark conditions at 25°C ± 2°C in potato 
dextrose agar (PDA) [22].  
 
2.2. Characterization and molecular identification 
 
The identities of the isolates GRB-HA1 and GRB-HA2 
were confirmed by DNA sequencing and sequence 
analysis. DNA was extracted from each isolate using 
Norgen’s Plant/Fungi DNA Isolation Kit according to the 
manufacturer’s instructions (Cat. 26200), and the DNA 
concentration was estimated by measuring the 
absorbance at 260 nm (Nanodrop). Polymerase chain 
reaction (PCR) amplification of the internal transcribed 
spacer (ITS) was then performed using the primers ITS1 
(5′ TCCGTAGGTGAACCTGCGG 3′) and ITS4 (5′ 
TCCTCCGCTTATTGATATGC 3′) for both isolates, 
although amplification of the beta-tubulin gene was 
performed using the primers ASP_Bt2a (5′ 
GGTAACCAAATCGGTGCTGCTTTC 3′) and 
ASP_Bt2b (5′ ACCCTCAGTGTAGTGACCCTTGGC 
3′) for the GRB-HA1 isolate. Sequencing was performed 
using the Sanger/capillary method for both strands, and 
the obtained sequences were debugged and assembled 
using the programs Cap3 and ebiox version 1.5.1. The 
sequences were then compared to ITS sequences from the 
GenBank database using BLAST 
(http://www.ncbi.nlm.nih.gov/). A phylogenetic analysis 
was conducted using the package MEGA version 6.0, and 
the neighbor-joining and maximum-likelihood methods 
were used to construct phylogenetic trees with 1,000 
bootstrap replicates. 
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2.3. Antagonism assay 
 
The antagonism assay was performed on PDA in Petri 
dishes using the dual culture method proposed by [22]. 
Mycelial plugs (5 mm diameter) were obtained from 
cultures of the fungal antagonists (GRB-HA1, GRB-
HA2, and trbio) and pathogens (C. Gloeosporioide, C. 
Lunata, and F. Oxysporum) after 5 days of incubation at 
25°C ± 2°C under dark conditions, and pairs of 
antagonists and pathogens were placed 6 cm apart on the 
same Petri dish (Figure 1). The radial growth (RG) of the 
fungi was then measured using a vernier caliper after 10 
days of incubation at 25°C ± 2°C under dark conditions. 
Dual confrontation tests were performed for each 
antagonistic fungus (the native isolates GRB-HA1 and 
GRB-HA2 and the commercial isolate trbio) with each 
pathogenic fungus (C. Gloeosporioides, C lunata, and F. 
Oxysporum). PDA medium inoculated only with the test 
pathogens served as controls to determine the capacity of 
growth of the pathogenic fungi. Thus, there were 12 
treatments in total, each of which was performed in 
triplicate.  
 
Figure 1. Scheme of the process of dual confrontation of 
pathogenic and antagonistic fungi in Petri dishes.  
 
The percentage inhibition of radial growth (PIRG) was 
calculated after 12 days of culture using Ecuation (1):  
       PIRG (%) = KR − R1/KR *100                (1) 
 
Where KR represents the distance (in mm) from the point 
of inoculation to the colony margin on dishes that were 
inoculated only with the test pathogens (i.e., the 
controls), and R1 represents the distance of fungal 
growth from the point of inoculation to the colony margin 
on the treated dishes in the direction of the antagonist 
[23]. PIRG was categorized from 0 to 4 using a growth 
inhibition category (GIC) scale, where 0 = no growth 
inhibition, 1 = 1%–25% growth inhibition, 2 = 26%–50% 
growth inhibition, 3 = 51%–75% growth inhibition and 4 
= 76%–100% growth inhibition (table 1). 
 
Table 1. Scale used to evaluate the antagonist ability of 
the fungi under in vitro conditions. 
Grade Antagonist capability 
0 
No invasion of the colony by pathogenic 
fungi. 
1 
Invasion of 1/4 of the surface of the colony 
by pathogenic fungi. 
2 
Invasion of 1/2 of the surface of the colony 
by pathogenic fungi. 
3 
Total invasion of the surface of the colony 
by pathogenic fungi. 
4 
Total invasion of the surface of the colony 
by pathogenic fungi with associated 
sporulation. 
 
The results were analyzed by variance analysis with the 
statgraphics Centurion 2015 software, and significant 
differences were estimated using the least significant 
difference (LSD) test. For all analyses, p < 0.05 was 
considered significant. 
 
3. Results and discussion  
 
3.1. Characterization and molecular 
identification of GRB-HA1 and GRB-HA2 
 
The GRB-HA1 isolate was grouped with the species T. 
Asperellum with 90% bootstrap support, and there was a 
distance of only 0.006 between their sequences in the 
distance matrix (figure 2). . Similarly, the GRB-HA2 
isolate was grouped with T. Asperellum with 94% 
bootstrap support, and there was a distance of 0.002 
between their sequences (figura3) (table2). 
 
3.2. Antagonistic analysis 
 
It was found that both strains of T. Asperellum (GRB-
HA1 and GRB-HA2) had a higher antagonistic capacity 
than the commercial strain of T. Harzianum (trbio).  
 
There was no significant difference between the activities 
of GRB-HA1 and GRB-HA2 in dual cultures with C. 
Gloeosporioides and C. Lunata (PIRG = 100% ± 0%), but 
both had higher PIRG values than the commercial strain 
trbio (PIRG = 49% ± 7% for C. Gloeosporoides and 53% 
± 6% for C. Lunata) (figure 4). Furthermore, both GRB-
HA1 and GRB-HA2 exhibited a higher degree of 
mycoparasitism of C. Gloeosporioides and C. Lunata 
(grade 4) than the commercial trbio isolate (grade 3) 
(table 2). 
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Figure 2. Phylogenetic analysis of the internal transcribed spacer (ITS) region, showing the position of GRB-H1 
(Conting T1 udem) in the genus Trichoderma. The evolutionary history was inferred using neighbor- 
joining and a distance matrix. 
Figure 3. Comparative phylogenetic analysis of the internal transcribed spacer (ITS) region, showing the position of 
GRB-H1 (Conting_T1_udem) y GRB-H2 (Conting_T2_udem) into the genus Trichoderma. The evolutionary history 
was inferred using neighbor-joining and a distance matrix. 
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Table 2. Characterization and molecular identification of antagonistic isolates of T. Asperellum GRB-HA1 and GRB-
HA2. 
Sample Best hit E-value Query cover 
Percent 
identity 
GRB-HA1 
Trichoderma asperellum strain TA4 18S 
ribosomal RNA gene, partial sequence; 
internal transcribed spacer 1, 5.8S 
ribosomal RNA gene and internal 
transcribed spacer 2, complete sequence; 
28S ribosomal RNA gene, partial 
sequence 
0 100% 98% 
GRB-HA2 
Trichoderma asperellum strain ZWPBG7 
18S ribosomal RNA gene, partial 
sequence; internal transcribed spacer 1, 
5.8S ribosomal RNA gene and internal 
transcribed spacer 2, complete sequence; 
and 28S ribosomal RNA gene, partial 
sequence 
0 100% 99% 
 
 
Figure 4. Percentage inhibition of radial growth (PIRG) in dual cultures of Trichoderma isolates (GRB-HA1, GRB-
HA2, and trbio) against the phytopathogenic fungi Colletotrichum gloeosporioides, Curvularia lunata, and Fusarium 
oxysporum. The bars indicate the standard errors. Bars with different letters within a treatment were significantly 
different [least significant difference (LSD) test, p < 0.05]. 
 
 
[17] previously obtained lower antagonism values of 
61%–65% PIRG and mycoparasitism grade 4 against C. 
Gloeosporioides and argued that this showed that the 
microorganism they tested had potential for controlling 
this phytopathogenic fungus. Furthermore, several 
studies have recently evaluated the antagonistic power of 
Trichoderma spp. Against C. Lunata, with [10] achieving 
55% PIRG with T. Aureoviride. This is similar to the 
value found in the present study with the commercial 
trbio isolate but below the values obtained with the native 
isolates GRB-HA1 and GRB-HA2. Thus, both native 
isolates of T. Asperellum (GRB-HA1 and GRB-HA2) 
show great promise for controlling C. Gloeosporioides 
and C. Lunata. However, these findings will need to be 
corroborated under field conditions. 
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In contrast with these findings, there was no significant 
difference in the control capability of trbio and the GRB-
HA1 and GRB-HA2 isolates against F. Oxysporum 
(figure 4). The highest PIRG against F. Oxysporum was 
obtained using GRB-HA2 (84% ± 2%), followed by the 
commercial trbio isolate (70% ± 9%), and finally GRB-
HA1 (67% ± 12%): the degree of mycoparasitism was 
categorized as stage 4 for the GRB-HA2 isolate and stage 
3 for the GRB-HA1 and trbio isolates ( table 3). These 
findings are similar to those obtained by [24], who 
reported that three T. Harzianum isolates (Tr 16, and 
Tr08) resulted in 78% and 68% radial growth inhibition 
of F. Solani, respectively. 
 
Table 3. Degree of mycoparasitism in dual cultures of 
the native Trichoderma asperellum isolates GRB-HA1 
and GRB-HA2 and the commercial Trichoderma 
harzianum isolate trbio against the phytopathogenic 
fungi Colletotrichum gloeosporioides, Curvularia 
lunata, and Fusarium oxysporum. 
Antagonism 
Degree of 
mycoparasitism 
GRB-HA1 vs C. 
Gloeosporioides 
4 
GRB-HA2 vs C. 
Gloeosporioides 
4 
Trbio vs C. 
Gloeosporioides 
3 
GRB-HA1 vs C. Lunata 4 
GRB-HA2 vs C. Lunata 4 
Trbio vs C. Lunata 3 
GRB-HA1 vs F. 
Oxysporum 
3 
GRB-HA2 vs F. 
Oxysporum 
4 
Trbio vs F. Oxysporum 3 
 
4. Conclusions 
 
The antagonist capabilities of the native Trichoderma 
isolates GRB-HA1 and GRB-HA2 vary depending on the 
microorganism they are trying to control.  
 
The native Trichoderma isolates GRB-HA1 and GRB-
HA2 can completely inhibit the growth of Colletotrichum 
gloeosporioides and Curvularia lunata 
The GRB-HA2 isolate is most effective in controlling 
Colletotrichum gloeosporioides, Curvularia lunata, and 
F. Oxysporum.  
 
The native Trichoderma isolates GRB-HA1 and GRB-
HA2 have potential for the biological control of diseases 
caused by Colletotrichum gloeosporioides, Curvularia 
lunata, and F. Oxysporum. 
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